We present near-infrared spectroscopy and Hubble Space Telescope (HST) imaging of ERO J003707+0909.5, the brightest of three gravitationally-lensed images of an Extremely Red Object (ERO) at z = 1.6, in the field of the massive cluster A 68 (z = 0.255). We exploit the superlative resolution of our HST data and the enhanced spatial resolution and sensitivity afforded by the lens amplification to reconstruct the source-plane properties of this ERO. Our morphological and photometric analysis reveals that ERO J003707 is an L ⋆ early-type disk-galaxy and we estimate that ∼ 10 per cent of EROs with (R − K) ≥ 5.3 and K ≤ 21 may have similar properties. The unique association of passive EROs with elliptical galaxies therefore appears to be too simplistic. We speculate on the evolution of ERO J003707: if gas continues to cool onto this galaxy in the manner predicted by hierarchical galaxy formation models, then by the present day, ERO J003707 could evolve into a very luminous spiral galaxy.
INTRODUCTION
The cores of massive galaxy clusters act as powerful gravitational lenses, providing a magnified view of serendipitously placed distant galaxies. Indeed, close alignment of a background galaxy behind a cluster lens can lead to multiple images being visible. This phenomenon, known as strong lensing, has been applied on numerous occasions to the study of high-redshift galaxies (e.g. Hammer & Rigaut 1989 ; Ebbels et al. 1996; Franx et al. 1997; Seitz et al. 1998; Pelló et al. 1999; Ellis et al. 2001; Smith et al. 2001a) . A key feature of these studies is that the lens magnification enables intrinsically low-luminosity galaxies at remote epochs to be observed and studied in great detail.
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One class of distant galaxy that may benefit from the enhanced sensitivity provided by a gravitational lens is Extremely Red Objects (EROs). The defining optical/nearinfrared colours of EROs, (R−K) ≥ 5.3, should select either distant elliptical galaxies (e.g. Dunlop et al. 1996; Soifer et al. 1999) or heavily dust-obscured systems at z ∼ 1-2 (Dey et al. 1999; Pierre et al. 2001; Afonso et al. 2001; Smith et al. 2001b ). Here we concentrate on those EROs whose (R − K) colour is dominated by the 4000Å break of an evolved stellar population (i.e. "passive EROs"). Various authors (e.g. Kauffmann & Charlot 1998; Fontana et al. 1999; Daddi et al. 2000) have used observations of passive EROs and other K-selected samples to argue for or against monolithic collapse (e.g. Eggen et al. 1962; Larson 1975; Tinsley & Gunn 1976) or hierarchical assembly (e.g. White & Frenk 1991; Cole et al. 2000) theories of galaxy formation. Regardless of the details of this debate, both arguments implicitly assume that all passive EROs are elliptical galaxies.
The importance of EROs to our understanding of galaxy formation and the intrinsic faintness of these systems (R > ∼ 23, K > ∼ 18) recently motivated us to search for EROs in the fields of massive gravitational lenses (Smith et al. 2002a -S02a) . In this letter, we present near-infrared spectroscopy of ERO J003707+0909.5, drawn from S02a's sample. We describe our observations in §2, present our lens modelling in §3, describe our source-plane analysis in §4, discuss the diversity of passive EROs in §5, speculate on the evolution of ERO J003707 in §6 and finally summarize our conclusions in §7. We assume H0 = 50kms −1 Mpc −1 , Ω0=1 and Λ0 = 0.
OBSERVATIONS
ERO J003707 was first detected in HST † imaging of A 68 as part of our lensing survey of X-ray luminous galaxy clusters (Smith et al. 2001a; S02a; Smith et al. 2002b, in preparation -S02b) . A 68 was observed with HST /WFPC2 for 7.5 ks through the F702W filter and 8.8 ks using UFTI on the 3.8-m United Kingdom Infrared Telescope ‡ (UKIRT). We show a subset of these data in Fig. 1 and identify the three images of ERO J003707. We refer the reader to S02a and S02b for further details of these data and their reduction. Our near-infrared spectroscopy targeted specific spectral features based on the likely nature of ERO J003707, and a crude estimate of its redshift. We first examined S02a's RIJK-band photometry of ERO J003707 and found that it does not discriminate between old stars and dustobscuration as the origin of the extreme colours of this galaxy. For simplicity, we therefore fitted an elliptical galaxy spectral template (Coleman et al. 1980 ) to S02a's photometry of the central red component using hyper-z (Bolzonella et al. 1999 ) and obtained z phot ∼ 1.7. Assuming that the near-infrared emission is dominated by old stars, we searched for the 4000Å break and CaII H and K absorption lines in the z-band. However, since S02a's photometry is not conclusive, and ERO J003707 appears to be a disk-galaxy ( §4), we also observed in the J-and H-bands, searching for Hβ, [OIII], Hα and [NII] emission lines in addition to [OII] which should appear in the z-band if ERO J003707 is a star-forming galaxy at z ∼ 1.7.
We observed ERO J003707 with CGS4 (Mountain et al. 1990 ) on UKIRT on 2001 September 15-18 in nonphotometric conditions and ∼ 1 ′′ seeing with the slit centered on the K-band emission from ERO J003707+0909.5 (α, δ (J2000) = 00 37 07.37 + 09 09 28.4). We adopted a slit position angle of 22
• to ensure that the K-band emission from image B (Fig. 1) .6 ks in the J-and H-bands respectively. These data were reduced in a standard manner using iraf tasks. The final reduced frames contained no strong spectral features, although a weak continuum was detected in the H-band. We also used the Keck-II 10-m telescope § to obtain z-and H-band spectra of ERO J003707+0909.5 with NIRSPEC (McLean et al., 1998) on 2001 November 20-21. Using the same target coordinates and slit position angle, we integrated for 7.2 ks and 3.6 ks in the z-and H-bands respectively, in clear and photometric conditions (FWHM∼ 0.8 ′′ ). These data were also reduced in a standard manner using iraf tasks, including the wmkonspec package. These data confirm the absence of strong emission lines in the H-band. The z-band data also contain no strong emission lines, however they reveal a spectral break at 1.04 ± 0.01µm. We show the z-band continuum in Fig. 2 . Given the absence of strong emission lines in the zJH-bands and the fact that our observations primarily sample the central red component of this galaxy, we interpret the break in the z-band spectrum of ERO J003707 as the 4000Å break at a redshift of z = 1.60 ± 0.03.
GRAVITATIONAL LENS MODELLING
The detailed construction of the lens model of A 68 is described by S02b; here we summarize its key features. The model contains a single lens plane at the cluster redshift (z = 0.255) comprising 36 mass components: the cluster dark matter halo centered on the central galaxy; a second dark matter halo centered on the brightest galaxy of a group lying ∼ 80 ′′ North-West of the cluster center; and 34 cluster galaxies including the central galaxy. Each component is described by the parameters: position, ellipticity, orientation, core radius (rcore), cut-off radius (rcut) and central velocity dispersion (σo). The analytical expression used to describe each component is a smoothly truncated pseudo-isothermal elliptical mass distribution (Kneib et al. 1996 -K96) . The center, ellipticity and orientation of each mass component is matched to the observed light distribution of the related cluster elliptical. The dynamical parameters (rcore, rcut and σo) of the main cluster dark matter halo and the central velocity dispersion of the N-W dark matter halo and the central galaxy are kept as free parameters. The remaining dynamical parameters are scaled with the luminosity of their associated galaxy following K96.
The model parameters were constrained using the three images of the central red region of ERO J003707, as the appearance of these three images in the K-band frame allows us to unambiguously identify these as images of the same underlying region of the galaxy. We use a χ 2 estimator to quantify how well our lens model fits the observational data (K96). This estimator is minimised (χ 2 ∼ 1) by varying the parameters of the model. § Based on observations made at the W. M. Keck Observatory by Gemini staff, supported by the Gemini Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., on behalf of the international Gemini parthership. The W.M. Keck Observatory is operated as a scientific partnership among the California Institute of Technology, the University of California and the National Aeronautics and Space Administration. 
SOURCE-PLANE RECONSTRUCTION AND ANALYSIS
We use our lens model to reconstruct the source-plane properties of ERO J003707. We threshold the R-and K-band frames at 1.5-σ above the sky background and ray-trace each pixel to the source plane at z = 1.6, thus creating R-and K-band source-plane maps of ERO J003707. We show, as an example, the source-plane reconstruction of ERO J003707+0909.5 (image "A" from Fig. 1 ) in Fig. 3b . We also simulate blank-field observations of ERO J003707 (i.e. without a magnifying gravitational lens) by adding the source reconstructions to noise maps from blank sky regions in the original science frames (Figs. 3c & 3d) . We measure the source-plane (i.e. "un-lensed") apparent K-band magnitude of ERO J003707: K = 19.8 ± 0.1. This translates into MK ∼ −25.0 (Fioc & RoccaVolmerange 1997) , which suggests that the K-band luminosity of ERO J003707 is comparable to a present day L ⋆ galaxy (adopting M ⋆ K = −24.8 from Cole et al. 2001) . We also measure the (R − K) colour, using an aperture equivalent to a 2 ′′ -diameter in the source-plane. We transform the F702W photometry to Cousins R-band and correct for interstellar extinction (see S02a for details), to give (R − K) = 5.4 ± 0.1. This is ∼ 1 mag bluer than measured by S02a because they did not correct their photometric aperture for lens amplification. S02a therefore measured the colour of the central red bulge in contrast to our photometry that also samples the rest-frame ultraviolet emission from the disk. We also compare our photometry with spectral energy distributions of local galaxies using pegase (Fioc Figure 2 . The NIRSPEC z-band continuum of the central red bulge of ERO J003707, produced by median filtering the spectrum, rejecting pixels dominated by strong night-sky emission i.e. those regions above the horizontal line in the lower spectrum, which shows the night sky spectrum (offset and scaled for clarity). The width of the median filter dominates the uncertainty in the redshift quoted in the text. We identify the discontinuity in the spectral shape at λ = 1.04 ± 0.01µm as the 4000Å break. The continuum data are also plotted as filled circles at ∆λ = 50Å intervals, and we estimate the uncertainties in these data points by bootstrap resampling within each median filter window. The dashed line shows a template spectrum of a passive galaxy from Mannucci et al. (2001) .
& Rocca-Volmerange 1997), and find that if a present-day Sa galaxy were placed at z = 1.6, it would have a similar (R − K) colour to ERO J003707.
The HST frame reveals a complex and irregular restframe ultraviolet (∼ 2700Å) morphology, comprising 5-6 knots indicating current or recent star formation (Fig. 3a) . In contrast, the K-band morphology consists of a single centrally concentrated component, although there is some diffuse, low surface brightness K-band flux coincident with the knots of rest-frame ultraviolet emission (Fig 3a) . Together with our spectroscopy ( §2) and the robustness of S02a's classification of ERO J003707 as an ERO after correction for gravitational lensing, this suggests that ERO J003707 is a disk-galaxy with a passively evolving central bulge and a modestly star-forming disk. We quantify the morphology by measuring the source-plane concentration (C) and asymmetry (A) (Abraham et al. 1996) of the restframe ultraviolet and I-band emission from ERO J003707 using our R-and K-band data. We estimate: C(2700Å) = 0.13 ± 0.02, C(8500Å) = 0.59 ± 0.09, A(2700Å) = 0.79 ± 0.05 and A(8500Å) = 0.56 ± 0.04. These measurements place ERO J003707 in the same region of C-A space as early-type spiral-galaxies in the local Universe when observed at ultraviolet and optical wavelengths (Burgarella et al. 2001; Kuchinski et al. 2001) . We also measure the effective radius of the central bulge (re) and the exponential scale-length of the disk (r d ). At z = 1.6, the 4000Å break falls in the z-band ( §2) and so our R-and K-band observations are dominated by the stellar disk and the central bulge respectively. We therefore use our R-and K-band source-plane reconstructions ( Fig. 3b) to estimate re ∼ 0.6 kpc and r d ∼ 3.4 kpc. We compare these measurements with the observed re-r d correlation for early-type disk-galaxies in the local Universe (e.g. Khosroshahi et al. 2000) , and find that ERO J003707 is consistent with this correlation. Finally, we estimate that the rest-frame I-band bulge-to-total luminosity ratio, obtaining B/T ∼ 0.80 -confirming that ERO J003707 is a bulge-dominated galaxy. In summary, our source-plane photometric and morphological analyses reveal that ERO J003707 is similar to an L ⋆ Sa galaxy from the local Universe that is observed at a lookback-time of ∼ 10 10 years.
DIVERSITY OF PASSIVE EROS
The extremely red colour of ERO J003707 is dominated by a central bulge of old stars, however ERO J003707 also appears to contain a weakly star-forming disk. Contrary to the popular assumption ( §1), passive EROs therefore appear to comprise both elliptical galaxies and early-type spiralgalaxies at z > ∼ 1 (Sa-EROs). Such Sa-EROs have probably not been identified in conventional blank-field ERO surveys (e.g. Daddi et al. 2000) due to the low surface brightness of the disk in these systems -the disk is only detected at < ∼ 2-σ in our simulated blank-field observation of ERO J003707. We attempt to constrain the surface density of SaEROs. Our analysis of ERO J003707 reveals a colour gradient ( §4); we therefore search for this signature in the other 59 members of S02a's sample. We first quantify the expected gradient using our simulated R-and K-band blank-field observations of ERO J003707 to measure its seeing-matched (FWHM∼ 0.4 ′′ ) 1 ′′ -and 2 ′′ -diameter aperture (R − K) colours. Although the 1 ′′ -colour is 0.6 ± 0.3 mag redder than the 2 ′′ -colour, the two colours are formally consistent within the uncertainties. We repeat this measurement ten times, each time using simulated images that incorporate different noise maps. These experiments confirm the < ∼ 2-σ significance of the colour gradient in our simulated observations. We measure the 1 ′′ -and 2 ′′ -diameter aperture (R − K) colours of S02a's ERO sample. We find that four EROs display bluer colours at larger radii consistent with the simulations described above and we note that S02a classified all four of these galaxies as having an irregular morphology. We therefore suggest that ∼ 10 per cent of EROs with (R − K) ≥ 5.3 and K ≤ 21 may be Sa-EROs, which translates into a surface density of ∼ 0.2 arcmin −2 , based on S02a's counts.
EVOLUTION OF ERO J003707
We speculate on the evolution of ERO J003707. The restframe I-band luminosity of the central bulge is ∼ 4.3 × 10 10 L⊙. The strong 4000Å break ( §2) suggests that the bulge stars in ERO J003707 formed a few billion years prior to the epoch of observation (e.g. Dunlop et al. 1996) . We estimate the age of these stars using the D4000 index. We measure D4000 = 2.4 ± 0.5, which translates into an age of ≥ 2.5 Gyr (Poggianti & Barbaro 1997 ; assuming solar metallicity), implying a formation redshift of z f > ∼ 3.7 in a ΛCDM cosmology, and z f > ∼ 6.5 in a standard CDM cosmology ( §1). This suggests that the bulge was formed in a short, but intense starburst at z f ≫ 2. This event would have certainly disrupted and may have destroyed any existing disk. In contrast to its observed morphology, ERO J003707 was therefore probably a diskless galaxy at z ∼ 3.
Turning to the disk component, we estimate the restframe I-band disk luminosity to be ∼ 7.5 × 10 9 L⊙ and the current star formation rate (SFR) to be SFR ∼ 6M⊙yr −1 (Kennicutt's 1998; assuming a Salpeter (1955) IMF integrated over 0.1-100 M⊙ and neglecting dust). Ignoring mergers, the future evolution of ERO J003707 will depend on the duration of star formation in its disk. If the gas becomes exhausted or expelled from the galaxy, then the star formation would cease and ERO J003707 would probably evolve into an E/S0 galaxy by the present day. On the other hand, semi-analytic models of galaxy formation (Baugh et al. 1996) predict that bulges and spheroids are formed from merging of disk-galaxies and subsequently may accrete gas, thus re-growing a disk component. We explore this "transvestite galaxy" hypothesis (Richard Bower, private communication) by estimating the timescale (τeq) over which, at the current SFR, the disk stellar mass will become comparable with the bulge stellar mass. We convert the bulge luminosity to a stellar mass (assuming M/L ∼ 1; Bell & de Jong 2001) and divide by the disk SFR to obtain τeq ∼ 6 × 10 9 yrs which is roughly equal to the look-back-time from the present day to z = 1.6. This raises the intriguing possibility that the progenitors of a fraction of luminous spiral galaxies in the local Universe could have been EROs when observed at z > ∼ 1.
CONCLUSIONS
We present near-infrared spectroscopy and optical HST imaging of ERO J003707+0909.5, the brightest of three gravitationally-lensed images of ERO J003707 in the field of the massive cluster A 68 (z = 0.255). Our near-infrared spectroscopy reveals a break at λ obs = 1.04 ± 0.01µm in the spectral energy distribution of this galaxy. This feature arises from the redshifted 4000Å break of a centrally concentrated old stellar population, which places ERO J003707 at z = 1.60 ± 0.03. We constrain a detailed model of the cluster lens and then reconstruct the source-plane properties of ERO J003707. Our main conclusions are as follows:
(1) The luminosity and (R − K) colour of ERO J003707 are similar to those of an L ⋆ galaxy with a SFR comparable to an Sa galaxy in the local Universe.
(2) Morphological parameters (C, A, re, r d , B/T ) based on rest-frame ultraviolet and I-band emission confirm that ERO J003707 is an early-type disk-galaxy. (3) The unique association of passive EROs with elliptical galaxies is clearly too simplistic. We estimate that ∼ 10 per cent of EROs with (R − K) ≥ 5.3 and K ≤ 21 may be SaEROs i.e. early-type disk-galaxies similar to ERO J003707. (4) We estimate that the bulge stars in ERO J003707 formed ≥ 2.5 Gyr ago and speculate that, if the current disk SFR (∼ 6M⊙yr −1 ) continues due to the cooling of gas onto ERO J003707 in the manner predicted by hierarchical galaxy formation models (Baugh et al. 1996) , then ERO J003707 would evolve into a luminous spiral galaxy by the present day.
